The quality of tea liquor primarily depends on the quality of inbound fresh leaves to a tea factory. We report here the development of an industrial set-up using diffuse reflectance near-infrared spectroscopy for quick and on-spot estimation of total polyphenol content, which is one of the major quality indicators of tea. In the inspection system, freshly plucked tea leaves are dried with a heating system designed in such a way that the moisture content is reduced to around 3-4%. The dried leaves are then ground and sieved through a 250 mm mesh. Samples thus produced are placed automatically before the near-infrared beam and assessment of total polyphenol is done instantaneously.
Introduction
Tea, derived from the bud and two terminal shoots of tea plant Camellia sinensis (L.), is one of the most popular non-alcoholic beverages in the world. It is a common man's beverage having many health benefits and therapeutic values. 1 Phenolic compounds present in tea leaves, which account for 20-35% (w/w) of the dry tea, have long been regarded as one of the principal quality indicators of tea. 2 The quantity and proportion of polyphenols present in green leaf is generally reflected in the chemical composition and characteristic astringent taste of made tea liquor.
The polyphenolic compounds in fresh tea leaves decrease with maturity. 3 Thus, the harvesting or plucking standard of the tea shoots practiced has a direct implication upon the ultimate cup quality and market price. The universally accepted practice of harvesting of fresh leaves for manufacturing high-quality tea is two leaves and the tender apical bud, irrespective of type of cultivar. But, in general, exclusive maintenance of such plucking standard is difficult. The technique generally adopted by the tea industry to ascertain the quality of the inbound harvested leaves to a factory is by physical examination of individual green leaf from a randomly selected bulk. This technique, popularly known as 'fine leaf count', involves physically counting and weighing the undamaged smaller shoots (one leaf plus bud and two leaves plus bud). Further, this procedure is carried out by garden workers, for each batch of tea leaves reaching the factory.
A substantial sector of tea industries are adopting 'bought leaf' paradigm to improve efficiency and profitability of tea. Bought leaves are collected from the plantations of small tea growers (STGs) in homestead garden and unutilized land along with other crops. STGs contribute 33.85% of the total tea production in India 4 ; their contribution has been projected to increase further in the coming years. The issues, relating to plucking standard, distance of transit from field to factory, affect the quality of the inbound tea leaves from STGs.
Handling of the tender shoots is of utmost importance as any mechanical stress prior to the actual processing of the tea leaves will initiate untimely and undesired enzyme oxidation. The mechanical maceration of green tea shoots triggers enzyme-catalysed oxidative reactions involving catechins as substrates. Upon disruption of the intercellular compartments, catechins present in the cell vacuole undergo in vivo oxidative and hydrolytic processes in presence of mild aeration. The desirable colour and briskness of black tea is due to oxidative polymerization of catechins to theaflavins and thearubigins by the enzymes polyphenol oxidase and peroxidase.
Ascertaining the quality from the raw material or inbound fresh leaves to a tea factory has never been correctly predictable in case of tea. Thus, on-site scrutiny of the inbound green leaf is of utmost importance to maintain the quality and price of the end product. Determination of total polyphenol (TP) content, in situ, will help in instant assessment of fresh leaf quality.
This article reports on the development of a NIRbased leaf inspection system for quick measurement of TP content of fresh tea leaves. The integrated green leaf inspection system drastically reduces the sample preparation time. The machine, together with the NIR unit, could be easily set up at the green leaf unloading bay of a tea factory for in situ estimation/inspection. The integrated leaf processing system described herein carries out enzyme deactivation, drying followed by grinding and sieving simultaneously, prior to NIR estimation. The flow chart as shown in Figure 1 explains the overall process.
Chemical analysis method

Sample collection and preparation
Fresh leaf samples, the bud and two terminal shoots, from the cultivars with extreme characters of Assam, China and Cambod were collected from the experimental garden of Tocklai Tea Research Institute (TTRI), Jorhat, Assam and STG plantations for the entire harvesting period. Intrinsic enzymes in the fresh tea samples, plucked in seven-day interval maintaining 65-70% fine leaf, were deactivated and dried by heating. The dried leaves were then ground and sieved through 250 mm mesh. The powdered samples were then immediately packed and sealed in poly-pouches for reference biochemical analyses and spectroscopic scans.
Estimation of TP
Extraction: Two hundred milligrams of finely ground sample was extracted with 5 ml 70% methanol in a water bath set at 70 C over 10 min. The extract was then cooled and centrifuged at 4000 r/min for 10 min. The supernatant was decanted into a 10 ml volumetric flask. The extraction was repeated twice and volume was made up with the solvent.
In order to get a reference value of the polyphenols content of test samples, colorimetric method using Folin-Ciocalteu (FC) reagent was used. The TPs in the samples were estimated colorimetrically using FC phenol reagent by following the method of ISO 14502-1 (ISO, 2005). The method described by ISO standard 14502-1 (ISO, 2005) has been established as a standardized method for use in the routine quality control and measurement of tea products. This standard is an analytical tool widely used to determine the phenolic compounds for both black and green teas.
Both sample preparation process and biochemical procedures were time consuming and labour intensive. This led to the development of an integrated system which drastically reduced the sample preparation time. The machine could be easily set up at the green leaf unloading bay together with the NIR unit for onsite estimation/inspection.
Development of the deactivation-drying cum grind-sieve machine
The system consists of two concentric stainless steel drums of 2 mm gauge thickness with diameters of 11 and 14 in. The outer drum is insulated with polyurethane foam and is mounted on a steel frame. The inner drum, fitted via a motor with sprocket and chain assembly system, can be rotated at a variable speed (0-50 r/min) and is heated externally by an array of LPG burners connected to a central LPG cylinder. The schematic diagram and photograph of actual instrument is shown in Figure 2 and 3, respectively. Tea enzymes within the leaves get deactivated at around 100 C leaf temperature. The internal drum is regulated at 15-18 r/min. Depending on the 'fineness' of plucked tea shoots, the process of deactivation and drying of tea leaves could be completed in 15-18 min. This allowed preserving the chemical composition of the green leaf, while the moisture level of the dried tea leaves was brought down to around 3%. A tilting arrangement of the drum dropped the dried tea leaves directly into the hopper of a grinder.
The ground powder was directly conveyed to a vibrating test sieve of 250 mm stainless steel mesh. The test sieve was made to vibrate by a shaft fitted eccentrically on a plate mounted to a 24 V DC motor. The eccentric movement of the shaft imparts a reciprocating motion to the sieve attached to it. A speed controller was attached to the motor to control the vibration. The homogenized powdered samples were directly conveyed through a funnel to a small cylinder mounted on a quartz plate. The NIR beam was applied to the powdered sample and the reflectance spectra were collected from the bottom of the quartz plate using fibre optic cables.
Calibration model development and results
Absorbance spectra of the powdered samples were taken in the near-infrared (NIR) wavelength range of 900-1700 nm using the DWARF-Star NIR spectrometer from StellarNet Inc. The optimum range for TP in tea had reported in many research papers to be in the range from 1460 to 1624.50 nm 5, 6 and we had selected this region for the assessment. In order to calibrate the regression model of NIR tea spectra, partial least squares (PLS) algorithm was used. The most suitable preprocessing technique and factor of PLS have been selected to improve the model performance. Two major preprocessing techniques like standard normal variate (SNV) and mulplicative scattering correction (MSC) were used to check the effect of normalizing the spectral data and correction of the scattering effect as well. The first order and second order of differentiation processes were also used. The selected wavelength region obtained by literature survey was compared with full wavelength (900-1701.5 nm) acquired by the spectrometer. The number of PLS factors and the choice of preprocessing methods were optimized simultaneously by leave-onesample-out cross-validation during the model calibration. Random tea samples were prepared for on-site performance evaluation and validation of the NIRbased integrated leaf inspection system. The efficacy of the model developed was evaluated by the root mean square error of cross-validation, root mean square error of prediction (RMSEP) and correlation coefficient (R). It was observed that the best model was obtained when the data were preprocessed using MSC techniques with an average accuracy of prediction of 91.70%. With 100 samples, the RMSEP, R and average RPD were 
Conclusion
We report here the development of an industrial set-up for use in the tea industry based on NIR spectroscopy. The set-up is expected to be of great benefit for quality detection of inbound tea leaves to tea factories and is expected to be of great use for them in obtaining appropriate quality index of their raw material (green leaves) and maintaining quality of their end product (finished tea) without undergoing through the tedious chemical processes. The system has been installed at TTRI situated in the hub of the tea garden at Assam, India and till date more than 200 samples have been tested in the tea season from April to October of 2017.
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